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Mcnojib30BaHne: npn KOHrpo/ie 3arpH3HeHnn 
npupoflHbix cpeA Ana MCcneflOBaHMH 
BepTMKa/ibHofi MMrpai^Mn paAMOHyKnMflOB b 
noHBO-rpyHTax. CyiUHocrb M3o6peTeHWH 
o6-beMHy»o raMMa- m 6era-aKTHBHOCTb 
noHBo-rpyHTOB n3MepflK>T HenpepbiBHo, 
noonoMHo, 6ea HapyuieHMfl crpyKTyp^i 
no^Bo-rpyHTOB, npmewi . o/jHOBpeMSHHO 
H3MepnioT anaxHocTb KOHTponnpyeMbix cnoeB 
noH Bo-rpyHTOB m onpeAe/iaioT Koppenni^Mfo 
Me>KAy MMrpanne^ paflMOHyicnMAOB m BOAHbiM 
SanaHcoM b noMBo-rpyHTax b Mecie kohtpojih 1 
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(54) METHOD FOR MONITORING OF VERTICAL MIGRATION OF RADIO NUCLIDES IN SOIL 



(57) Abstract: 

FIELD: methods for checking pollution of 
environment. SUBSTANCE: method involves 
continuous measuring of three-dimensional 
gamma- and beta- radiation in soil in layers 
without destruction of soil structure. 
Simultaneously method involves measuring 
moisture in monitored layers of soil and 
calculation of correlation between migration 
of nuclides in soil. EFFECT: increased 
functional capabilities. 1 dwg 
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H3o6peTeHne othocmtca k cnocooaM 
KOHTponfl 3arp«3HeHHocTn npupoAHbix cpefl,* a 
MMeHHo k cnocooaM KOHTpona BepTHKanbHofi 
MHrpai^MM paAHOHyKfiHflOB b noMBo-rpyHTax, m 
Mower 6biTb ncnonb30BaHO Ana kohtpojia 
BepTMKaribHoPi Mnrpai4nn paAMOHynnnflOB b 
30Hax, npu/ieraiomKX k A3C, MecTaM 
3axopoHeHHfl pa Anoa kth bh bix otxoaob, 
KOM6MHaraM no npqu3BOACTBy paflMoaKTHBHbix 
MarepHanoB, a TaioKe . b . MecTHocT*x, 
noflBepnuMxcn paAHoaiaiiBHOMy 3arpfl3HeHwo b 
pe3ynbraTe asapufl Ha flflepHbix 06-beicrax, m Ha 
nonnroHax aftepHbix McnbuaHMpi [1 m2] 

M3BecTeH cnoco6 KoMrponfl BepTHKanbHqPi 
MnrpaL|MM paflMOHyKniiAOB b noMBO-rpyHTax 
nyreM oTOopa np66 c pa3nnHHbix cnoeB 
noHBo-rpyHTOB m riocneAyioiAero onpeAeneHM* 
06-beMHoi* aKTMBHdcTH OToopaHHbix npo6 
paAMOXMMMMeCKMMM MeTOAaMH; BepTMKa^bHytO 
MurpaunHD paAno/iMAOB KOHTponnpyioT no 

H3MeHeHHK) O&beMHOPS aKTMBHOCTH B cnowc 
noHBO-rpyHToe bo BpeMeHM [3] 

HeAocraTKaMH M3BecTHoro cnocoCa 
flBrmioTCfl: 

paspyineHne H3Mep*eMoro cnoa 
noM BO-rpy htob b MecTe KOHTpona, mto He 
nosBOJiaer npoHSBOAMTb nepnoAWMecKHe 
onpeAe/ieHM^ o&beMHofi aKTMBHocTM b oahom m 
tom ace MecTe m, cneAOBaTenbHo, nonynaTb 
no/iHOCTbto AOCTOBepHbie pe3ynbTaTbi; 

h 8 B03 m o>KHOCTb TOMHoro onpeAeneHkm 
my6MHbi 3aneraHHA h ToniuMHbi cnon 
noMBO-rpyHTOB, c KOToporo OTO"npaeTc* npooa, 
mto He no3BonneT AocTaroMHo AocTosepHo 
ycTaHaB/iMBaTb pacnpeAeneHMe paAnoHyicnMAOB 
no cnoflM noMBo-rpy htob ; 

HeBO3MO>KH0CTb HenpepblBHOTO KOHTpOTlfl 3a 

pacnpeAeneHMeM paAHOHyKnuAOB no cjiohm 
noM Bo-rpy htob, mto He no3BOJifleT onpeAeriMTb 
AMHaMMHecKMG xapaKTepwcTMiai MMrpauuM; 

cno^Ha* TexHonom* paAnoxnMHHeci<oro 
aHanM3a npo6, mto npuBOAMT k eonbiuuM 
TpyA03aTpaTaM; 

He oCecneMMBaeTCfl 6e3onacHocTb 
nepcoHana npu oT6ope npo6, TaK kbk b 
OToGpaHHo« npooe, nn6o b MecTe OTOopa 
npo6bi MoryT OKa3aTbc* paAMoaKTMBHbie 

MaCTMj4bl C 6o/lbWOM aKTMBHOCTbhO. 

Cyu^ecTByeT Heo6xoAMMocTb oAHOBpeMeHHo 
c KOHrponeM MkirpauMM npon3BOAMTb H3MepeHM* 
B/ia>KHocTH noMBO-rpyHTOB Anfl Haxo)KAeHMfl 
KoppennqMM Me»<Ay Mnrpaqne& paAHOHytcnuAOB 
m BOAHbiM 6anaHcoM b noMBo-rpyHTax b MecTe 
KOHTpo/ifl. L4enb U3oc"peTeHna noBbiiueHMe 
AocTOBepHocTH KOHTponn BepmKaribHoPi 
Mnrpai4nn paAMOHyicnviAOB b noMBO-rpyHTax, 
no/iyMeHwe bosmo>khoctm onpeAeneHH* 
AMHaMMHecKMx xapaicrepncTHK Murpai^nn, 
nonyneHMe bo3mo>khoctm onpeAe/ieHHH 
Koppen^m Mexay MnrpaL^ne« paAHOHywiHAOB 
m BOAHbiM 6anaHcoM b noHBO-rpyHTax b MecTe 

KOHTpOJIfl, CHM>KeHMe TpyAOeMKOCTM KOHTpOflfl M 

noBbttueHMe 6e3onacHocrM hepcxiHana. 

3to AocTuraeTCfl 3a c^eT Toro, mto 

oe^eMHyiO aKTMBHOCTb M3Mep«K)T 

HenocpeACTBeHHo b MecTe kohtpo/ia 
HenpepbiBHo, nocno«Ho, 6"e3 HapyiueHMfl 
CTpyKTypw noMBo-rpyHTos; npumeM 

OAHOBpeMeHHO M3MepflK)T BJia^CHOCTb 

KOHTporiMpyeMbix cnoeB noHBo-rpyHTOB n 
onpeAe/inioT Koppen«unK3 Me>KAy MHrpaLjkiePi 
paAMOHyKHMAOB n BOAHbiM eanaHcoM B 
noMBO-rpyHTax b Mecre kohtpo/ia. 

ripeAnaraeMbifl cnoco6 peajiwsyeTcw c 
noMou^bKD cnequaribHo pa3pa6oTaHHOM cucTeMbi 
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KOHTporm BepTMKanbHOM MMrpai^nn 
paAMOHyiainAOB b noMBO-rpyHTax (ACKMP). 

Ha cj)nr. 1 npeACTaaneHa ynpoineHHafl 
cxeMa cucTeMbi AGKMP, paspaCoTaHHoR Ann 
ocyLAecTBjieHMfl npeAnaraeMoro cnoco6a. 

CMCTeMa. coAep>KMT 6jiok 

MHKponpoi^eccopHbi« 1 , 6/iok aKkyMynnTopHbiPl 
2, ycTpo«CTBa ABTeKTM poBa h m a 3, 4 m 5 
BnaroMep HeMTpoHHbiPi 6. - 

YCTpoRCTBO AeTeKTupoBaHun 3 
npeAHasHaMeHo Ann npeo6pa30BaHM5? 
raMMa-M3/iyMeHMfl raMMa-MSJiynaioiUMX 
HyKnuAOB, coAep>KaL4nxc« b noMBo-rpyHTax, b 
3neKTpimecKne cMmanbi n nepeAaMM omx 
cumanoB b 6noic MMKponpo^ccopHbifi 1. 

YCTDOftCTBO AeTeKTMpOBaHMfl 4 

npeAHasHaneHo Anfl npeo6pa30BaHM« 
6eTa-nanyMeHMfl oeTa-nsnyMatomMX HyKnwAOB, 
coAep>KaiAHxcn b noMBO-rpyHTax, b 
3/ieKrpnMecKne cumanbi m nepeAa^H gthx 
cumanoB b 6/iok MMKponpoi4eccopHbiii 1. 

ycTpotfcTBo AeTeKTMpoBaHMfl 5 BbinonH«eT 
re xe t&yHKnuu, mo m ycTpoflcTBa 
AeTetcTupoBaHMH 3 h 4, ho pacnonaraeTCfl b 
boaohochom ropn30HTe. 

YCTpoPiCTBa AeTeKTHDOBaHMfl 3 m 4 

Bbino/iHeHbi TaK, mto MoryT nonynaTb 
HH4>opMai^MKD nocnoPiHO ao my6iiHbi 2,5 m npn 
To/iiAMHe KOHTpo/inpyeMoro cnofl 10 mm, a 
ycTpo^cTso AeTeKTMpoBaHMfl 5 nonynaeT 

MHC^OpMai^MfO TOHbKO C BOAO H OCHOrO ropM30HTa. 

BnoK MUKponpoqeccopHbi^ 1 ynpaBnaeT 
pa6oTO« Bceft cucTeMbi, aHariMSMpyeT CMmanbi 
npuxoAflu^Me c ycrpoficTB . ABTeKTwpoBaHWfl, c* 
qeribw onpeAe/ieHn« 06-beMHoPi aKTUBHoc™ 
nio6oro Bbi6paHHoro paAMonyKnMAa, 
sanoMMHaeT nonyneHHbie 3HaHeHMn o6-beMHo« 

aKTMBHOCTM, BJia>KHOCTM , AaTbl M BpeMfl BCeX 

M3MepeHM«. MHc()opMam^fl, xpaHflmaflCH b 6noKe 

MUKpOnpOtjecCOpHOM 1, MOXeT GblTb 

nepeHeceHa no OKOHMaHMM pa6oTb» b naM^Tb 
nepcoHanbHo^ 3BM Tuna IBM PC An* 
npeACTaB/ieHUf? b yAoGHOM Ann nonb30BaTenfl 
BMAe (Ta6nwi4bi, rpa<t>nKH m t.a.). 

BnaroMep npeAHa3HaMeH An« H3MepeHMfl 
anaxHocTM b pa3nnMHbix cno^x noM Bo-rpy htob 

BOnOTb AO BOAOHOCHOrO ropM30HTa 

H3MepeHHbie 3HaHeHMa B/ia>KHocTn nepeAaiOTCfl 
b 6jiok MMKponpoi^eccopHbiPi. 

Ejiok aKKy MyriRTOpHbi^ 6 npeAHa3Ha^eH aha 
o6ecneMeHM5? sHepmePi BcePi cucTeMbi b 
noneBbrx yonoBUflx, mto no3Bon«eT cucTeMe 

paOOTaTb B aBTOMaTMHeCKOM aBTOHOMHOM 

pe>KMMe 6e3 yHacTMfl onepaTGpa. 

Bee ycTpoficTBa AeTeKTMpoBaHMfl, a TaiOKe 
anaroMep ycTaHaannBaioTcfl CTaunoHapHo b 
MecTe KOHTpona f mto o6ecneMMBaeT KOHTponb 

MMrpai^MM B OAHOM M TOM xe MecTe, B TO BpeMfl 

KaK npn OT6ope npo6 HeoGxoAMMo npoGypnTb 

CTOJlbKO CKBaJKMH, CKOJlbKO CTlOeB nOH BO-rpy H TOB 

Heo6xoAMMo KOHTpojiMposaTb; npuneM npn 
nepnoAHMecKOM KOHTpoxie sto KonimecTBo 
yMHoxoeTCfl Ha hmcjio o^epa^^1^^ KOHTporm. 

ToMHocTb KOHTponb my6nHbi 3aneraHMfl m 
TOJimnHbi cno« noMBO-rpyHTOB npw 
ncnonb30BaHnn npeAnaraeMoro cnoco6a bo 
mhoto pas npeBbiiuaeT TOHHocTb KOHTporifl npw 
oT6ope npo6. 3to o6-bflCHfleTCfl TeM mto 
cMCTeMa ACKMP ycTaHaBnuBaeTCfl 
CTaMMOHapHO, cneAOBaTe/ibHO, HyneBoPi 
yposeHb, ot KOToporo nponsBOAMTCfl oTcneT 
my6iiHbi 3axieraHnn pacnono>KeH nocTo^HHo Ha 

OAHO« OTMeTKe, HeoGXOAMMafl TOMHOCTb 

ycTanoBKM AaTMMKOB ycTpoPtcTB ACKMP npn 
KOHTpone cnoeB noMBo-rpyHTOB 
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o6ecneMMBaeTC5i 
petueHUflMM. 

AaTMMK yctpoPiCTBa AeTeKTMpoBaHM* 3 no 
KOManqaiw 6/ioKa MMKponpoLieccopHoro 
nepeMemaeTCfl k to My cno»o nowBo-rpyHTOB 

KOTOpblR Heo6xdflMMO KOHTpoflMpOBaTb |7o 
OKOHMaHMM H3Me P eHMfl oGbeMHOfl aKTMBHOCTM 

BbiopaHHoro cnon AatMMK nepeMetAaeTCR k 
c/ieAyKDu^eMy cnoto. flo okohm3hhm mMepem* 
Bcex cnoeB i^mkh M3MepeHMH noBTop*eTCfl TaK 
KaK speMfl L^MKna bo mhoto pas MeHbLtie seM 
BpeM« MurpaijMM paAMbHyK/iMAos ot cnoa k 

C/IOIO, TO KOHTpO/lb fl pa KTM H ©CfCM HBTlfleTCfl 

HenpepbiBHbiM. 

flaTMMK yCTpOMCTBa AeTeKTMDOBaHMfl 4 

HenoABMrceH. Oh M3Mep«eT oS-beMHyio 

aKTHBHOCTb OAHOBpeMeHHO BO Bcex Bbl6paHHblX 

cnoax noHBo-rpyHTOB. Hanano m kohsli unxna 
M3MepeHM« aaflaioTCH otiokom 
MMKponpoijeccopHbiM. BpeMfl qnKna Taioce kbk 
m b npeabiAyujeM cnyMae, mhoto MeHbiue 
BpeMenn Murpam/w pawMOHyKnuflOB ot ctjoa k 
cnoK). 

AaTMMK ycTpoRcTBa AeTeKTupoBaHMH 5 
ycTaHaBnHBaeTca b boaohochom ropMsoHTe Oh 
HenoABMtteH n M3Mep*er o6-beMHy»o aKTMBHocTb 
paAnoHyioiMAOB raioKe HenpepbJBHO. TaKMM 
nyTeM o6ecneMHBaeTca HenpepwBHocTb 

KOHTpOflW MMrpaUMM paAMOHyKTlMAOB. 

BnaroMep 6 nepeMeinaeTC* no KOMaHnaM 
onqio MMKponpoijeccopHoro no sceM 
Bbi6paHHbiM sapaHee cjioam non Bo-rpy htob 
sanoTb ao BOAOHocHoro ropusoHTa 6h 

M3MepjieT BcUKHOCTb nOMBO-rpyHTOB 

OAHOBpeMeHHO C M3MepeHMflMM 06-beMHOPf 
aKTMBHOCTM y CTpO MCTB 3MM ASTeKTMpOBaHMfl 

TaKMM nyTeM ooecneMMBaeTcn 
oAHoapeMeHHoe nsMepeHne o6-beMHo« 

aKTMBHOCTM M BJia>KHOCTM nOMBO-rpyHTOB 

BesonacHocTb nepcoHana ooecneHMBaeTca 
reM, hto cMCTeMa ACKMP pa6oTaeT 6e3 
yMacTM* onepaTopa. Bca nonyMeHHa* 
MHcfeopMai^a MoweT 6biTb nepeAana b nyHKT 
KOHTponfl no KaSento cbh3m, jwiQo no 
paAMOKaHany. 

OTcyTCTBMe npoTOTunoB 3a*BrweMoro 
cnoco6a nosBormer CAenarb bwboa o tom mto 

3TOT CnOCOe COOTBeTCTByeT KpMTepMK) 
H0BM3H3 . 

AHann3 M3BecTHoro cnoco6a no3BormeT 

CAe/iaTb BblBOA 06 OTCyTCTBMM B H6M 
npMH 4 MnOB, CXOAHblX C Cy^eCTBeHHblMM 
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OTriMHMTeJlbHblMM npM3HaK3MM B 3a*B/lfleM0M 

SSS?'" M n P" 3HaTb npeAnaraewoe 
M3o6peTeHne cooTBeTCTByjoiUMM KpnTepwo 
"cy^ecTBeHHbre OT/iMHMfl". . 
HpaKTMHecKoe npuMeHeHMe cnocoo" MoxeT 

MM 6Tb B SOHG MepHQCbUlbCKDfl. A3C B 

He/ifl6MHCK0« o6nacTM f Ha CeMnnanaTMHCKOM 
HaepHOM noriMroHe m t.a. 

MarepManbi, McnonbsoBaHHbie npn 
cocraBneHMM 3a«BKM: 

qi Vi^S 6 ,: F,emal , M - Demorm LP. 
Slegel W. MaMepeHMe ecTecTBeHHoR pawaunn 
Ha TeppMTopuM Beribmn, 1989. YKasaTenb 
oTeMecTseHHbix m 3apy6e>KHb!x MaTepManos. 
1990. Bbin. 3, HOMep 32 (9). 

2. Ariete M.G. Belvisi M. m ap 
PesynbTaTbi pcytMecTBneHMfl ujmpoko« 
Ha 4 MOHajibHo« nporpaMMbi no 
paAnonorMMecKOMy KOHTponio oKpy^afouiePi 
cpe A bi. 1989. YKasaTe/ib OTenecTBeHHbDC m 
aapyeexHbix MaTepnanoB. 1990, sun. 2, HOMep 
1 oo (45). 

3, Aarkrog A. Boetter-Jensen L. Hansen H 
PaAMoaKTMBHoe 3arpA3HeHne oKpyxaiouiePi ' 
cpeAw b flaHMM b 1987 r. 1989. YKasaTenb 
OTeHecTBeHHbix n 3apy6e>KHbix MaTepnanos 
1991, Bbin.2, HOMep 130 (44). 

OopMyna M3o6peTeHMfl: 

Cnoco6 kohtpo™ BepTMKanbHoCi MurpauuM 
paAMOHyKjiMAOB b noMBbrpyHTax nyreM 
M3MepeHM« MSMeHeHMA o6-beMHbix raMMa- m 
6eTa-aKTMBHocTe« nonsorpyHTOB bo BpeMeHM 
OT/iMHaKDU4MPicfl T eM, mto o6-be M Hbie raMMa- m' 

OeTa-aKTMBHOCTM nOHBOrpyHTOB MSMepWfOT c 

onpeAeneHHofi qMKnuwHocTbK) 6e3 HapyiueHMfi 
CTpyKTypbi noMBorpyHTOB bo speMfl n 3M epeHMH 
npn 3tom oe-beMHyjo raMMa-aio-MBHocTb 
M3MepflK>T nocnoflHo, a . oe-beMHyra 
6eTa-aKTMBHocTb OAHOBpeMeHHO bo Bcex 

Bbl6 P aHHb(X CJIO^X, BepTM KanbHy K) MurpaunK) 

paAMOHyKHMAOB b noMBOfpyHTax onpeAenflioT no 
M3MeHeHMio o6^eMHbix raMMa- m 
6eTa-axTMBHocTe« cnoeB nonsorpyHTOB bo 
BpeMeHM, npMHeM OAHOBpeMeHHO MSMep^fOT 
anawHocTb KOHTpo/iMpyeMbix cnoeB 

noHBorpyHTOB HeMTpOHHbiM snaroMepoM M 
onpeAenfljoT Koppe^fl^M^o Me>KAy MwrpauMefi 

paAMOHyKJlMAOB M BnaUfCHOCTbKD nOHBOrpyHTOB 

nyTeM cpa B HeHM5? M3MeHeHM« o6"beMHbix raMMa- 
m oeTa-aKTMBHocTeft cnoeB noMBorpyHTOB c 

MSMeHeHMHMM Bfia>KHOCTM 3TMX Xe CTlOeB B 

TeweHMe onpe fl e/ieHHoro npoMe>KyTKa BpeMeHM. 
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1 >til^f** 37 Ar &1&Mi$L%Lm 
radioactive concentration in the venting gas samples 



C(0/Bq-L" 



T2-3( 1 ) 
T>3(2) 
T2- 4( 1 ) 
T2-5(l) 
T2-5(2) 
T>6(1) 
T2-6(2) 
T2-7 



M&Wm 550 m 

j^^W^ 30 km 
*§'t>lUi^ 35 km 



ft- IT 



&MfeM 10 <h&f 
10 /ha* 



&j££%Z 20 ^ 

20^ 
&MJB%$ 7 5^ 

&*§^Jjl20^ 



113 692 
93 717 

0. 7 
11 669 

9 122 



80. 8 



WSHKW :ttJ§g 46 drt,±*^##fi, + 37 ArW*ffi* 0.7 - 113 692 Bq/L/£*^*8 
*/^4.67xl0" 7 Bq/Lftj 1 0 6 ~10 n f&. 
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Fig .2 Response of 37 Ar venting rate 
as explosion distance for TI underground 
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Application of 37 Ar in the Verification 
of a Clandestine Nuclear Test 

DUAN Rong-liang, LIU Sir ping, YANG Xiao- bo, CHEN Yin- Hang , GONG Jian , 
LIU Shu-xing, YAO Qiong-ying , XIONG Zong-hua 

( Institute of Nuclear Physics and Ote mistry , P . O . Box 525 -75 , Otengdu 61 0003 , China) 

Ahstract :The techniques of collection , extraction and measurement of radionuclide 37 Ar in the gas 
venting from an underground nuclear explosion are described. The responses of venting rate as ex- 
plosion time or distance are specifically studied. The research indicates that it is feasible to verify 
an underground nuclear test by monitoring 37 Ar sample from the underground soil . 
Key words : nuclear test ; on-site inspection ; radionuclide ; 37 Ar 



